Objective: Gynecologists occasionally encounter synchronous endometrial and ovarian endometrioid carcinoma (SEO-EC) patients who show favorable prognosis than locally advanced or metastatic disease patients. This study aimed to elucidate prognostic factors of SEO-EC and identify patients who have a sufficiently low risk of recurrence without receiving adjuvant chemotherapy. Methods: We retrospectively reviewed 46 patients with pathologically confirmed SEO-EC who underwent surgery at the National Cancer Center Hospital between 1997 and 2016. Immunohistochemical evaluation of DNA mismatch repair (MMR) protein expression were performed for both endometrial and ovarian tumors. Patient outcomes were analyzed according to clinicopathologic factors. Results: From the multivariate analysis, cervical stromal invasion indicated a worse prognosis for progression-free survival (hazard ratio [HR]=6.85; 95% confidence interval [CI]=1.50-31.1) and overall survival (HR=6.95; 95% CI=1.15-41.8). Lymph node metastasis and peritoneal dissemination did not significantly affect survival. MMR deficiency was observed in 13 patients (28.3%), with both endometrial and ovarian tumors showing the same MMR expression status. MMR deficiency was not significantly associated with survival. Of 23 patients with lesions confined to only the uterine body and adnexa, only 2 had recurrence in the group receiving adjuvant therapy, while none of the 10 patients who did not receive adjuvant therapy had recurrence. Conclusion: SEO-EC patients with tumors localized to the uterine body and adnexa lesions had a low risk for recurrence and may not require adjuvant therapy. SEO-EC may have prognostic factors different from those of endometrial and ovarian cancer.
INTRODUCTION
Synchronous endometrial and ovarian endometrioid cancer (SEO-EC) is an intractable clinical concern for gynecologists. SEO-EC occurs in 3.1%-10.0% of patients with endometrial cancer and 10% of those with ovarian cancer [1] [2] [3] . The possible origins of SEO-EC include 3 different scenarios, including dual primary cancer, endometrial cancer with ovarian metastasis, and ovarian cancer with endometrial metastasis. Distinguishing dual primary cancer from metastatic disease is essential for choosing the optimal adjuvant treatment and predicting patient prognosis. Previously reported clinicopathological features of dual primary cancer include younger age, earlier stage, histologically lower grade, and a more favorable prognosis than metastatic disease [2, [4] [5] [6] [7] [8] . Therefore, some gynecologists believe that patients with dual primary cancer may not always require adjuvant chemotherapy. The traditional approach for selecting the treatment of distinct dual primary cancer from metastatic disease is performed based on the histopathological features, such as histological similarity, tumor volume, depth of myometrial invasion, presence of vascular space invasion, ovarian tumor laterality, presence of atypical endometrial hyperplasia, and/or endometriosis, which were reported by Herrington [9] . However, clinicians occasionally encounter an SEO-EC patient in whom distinguishing between dual primary and metastatic disease using the Scully criteria is difficult (the full description of the criteria provided in Supplementary Table 1) .
Recently, the clonality of SEO-EC has been discerned from molecular analyses using next-generation sequencing (NGS) technology [10] [11] [12] . These studies revealed the clonal relationship between endometrial cancer and ovarian cancer in SEO-EC patients with massively parallel sequencing. Moreover, these studies consistently reported that approximately 95% of the SEO-ECs clinically diagnosed as dual primary cancers were clonal tumors; that is, most SEO-ECs are metastatic disease from either endometrial or ovarian primary tumors.
The clinical and biological behavior of SEO-EC remains to be clarified. Considering recent reports on the clonality of SEO-EC, most of these malignancies are either endometrial cancer with ovarian metastases (The International Federation of Gynecology and Obstetrics [FIGO] stage III) or ovarian cancer with uterine metastases (FIGO Stage II). However, there have been numerous reports of SEO-EC patients with favorable prognosis, despite having metastatic disease [2, [4] [5] [6] [7] [8] 13, 14] . The European Society of Medical Oncology (ESMO) and the National Cancer Center Network (NCCN) guidelines recommend adjuvant therapy for patients that have endometrial cancer with ovarian metastasis or ovarian cancer with uterine metastasis [15] [16] [17] [18] . However, adjuvant therapy might not provide a survival benefit for SEO-EC patients with good prognoses. Therefore, there is concern that unnecessary adjuvant therapy will be routinely performed for SEO-EC patients with metastatic cancers disease, as defined by NGS technology in the near future.
This study aimed to determine prognostic factors of SEO-EC, including those of patients diagnosed with primary uterine cancer, primary ovarian cancer, and dual primary cancer, and identify SEO-EC patients who have a sufficiently low risk of recurrence without adjuvant chemotherapy.
MATERIALS AND METHODS
This retrospective study was approved by the Institutional Review Board of the National Cancer Center Hospital (approval No. 2016-260). The analyzed cases included patients that were pathologically diagnosed with endometrioid cancer of both the endometrium and ovary and who underwent surgery at the National Cancer Center Hospital between January 1997 and June 2016. First, we identified a total of 1,183 patients with endometrial and/or ovarian cancer who underwent surgery at our hospital during the study period. Only 89 patients with both endometrial and ovarian lesions were included. Of these patients, 22 with histological subtypes other than endometrioid carcinoma were excluded. Therefore, 67 SEO-EC cases were identified. Finally, after exclusion of 19 cases without lymph node dissection and 2 cases with subsequent salvage operation, 46 SEO-EC patients were included in the analysis (Supplementary Fig. 1 ). Data of clinicopathological characteristics and prognoses were collected from medical records.
Immunohistochemical evaluation of DNA mismatch repair (MMR) protein expression was performed using formalin-fixed, paraffin-embedded blocks of both endometrial and ovarian specimens. Representative whole 4-μm-thick sections were analyzed by immunohistochemistry (IHC). The protein expression of 4 MMR proteins was evaluated using the following antibodies: anti-MLH1 (ES05, 1:200 dilution; Dako, Glostrup, Denmark), anti-MSH2 (FE11, 1:50 dilution; Dako), anti-MSH6 (SP93, 1:200; Spring Bioscience, Pleasanton, CA, USA), and anti-PMS2 (A16-4, 1:200; Biocare Medical, Pacheco, CA, USA). All IHC tests were performed using a Dako autostainer (Dako), according to the manufacturer's instructions. After deparaffinization, tissue sections were stained using antibodies against MLH1, MSH2, MSH6, and PMS2. Slides were counterstained with hematoxylin. MMRdeficient status was defined as the complete loss of nuclear staining for 1 or more MMR proteins. Adjacent normal mucosa, stromal cells, and inflammatory cells with intact nuclear staining served as internal positive controls. When PMS2 or MSH6 loss was observed and to discriminate between MLH1 or MSH2 (concurrent MLH1 and PMS2, or MSH2 and MSH6 loss) and PMS2 or MSH6 (only PMS2 or MSH6 loss) aberrations, an additional IHC test using either an anti-MLH1 or anti-MSH2 antibody was performed.
For the survival analysis, progression-free survival (PFS) was defined as the time from the date of surgery to the date of first recurrence or any cause of death. Overall survival (OS) was defined as the time from the date of surgery to the date of any cause of death. Survival curves were constructed using the Kaplan-Meier method, and a univariate log-rank test was used to assess statistical significance. Multivariate analyses for PFS and OS were performed using Cox proportional hazard modeling. For the analyses, the level of statistical significance was set at p<0.05. All statistical analyses were performed using SPSS version 19 for Mac (IBM Corp., Armonk, NY, USA).
RESULTS

Clinicopathological characteristics of SEO-EC patients
A total of 67 patients with SEO-EC were identified during the study period. Of the 67 patients, 46 met the inclusion criteria and 21 were excluded because they underwent salvage surgery or had insufficient staging procedure (Supplementary Fig. 1 ). The median follow-up period was 62 months (range, 7-223 months). The patients' characteristics are summarized in Table 1 . The median age was 51 years (range, 30-77 years), the median body mass index was 22.0 (range, 16.4-30.7), and 27 patients (58.7%) were nulliparous. All patients achieved a no residual disease status following surgery, and semi-radical hysterectomies were performed for all 4 patients with cervical stromal invasion. Preoperative chemotherapy was not administered in any case. Thirty-two patients (69.5%) received adjuvant therapy after surgery, 29 (63.0%) were treated with chemotherapy, and 3 (6.5%) received radiation therapy. Of them, adriamycin and cisplatin (AP), paclitaxel and carboplatin (TC), cyclophosphamide, doxorubicin and cisplatin (CAP), dose-dense paclitaxel and carboplatin (ddTC), docetaxel and carboplatin (DC) were administered in 11, 8, 5, 4, and 1 patients, respectively. All patients who underwent adjuvant chemotherapy completed 6 cycles of chemotherapy without dose reduction. Most of the patients had pathological grade 1 or 2 endometrial and ovarian cancer and had a unilateral ovarian lesion. Lesions confined to the uterine body and ovary were observed in 23 of the patients (50%), while the other cases showed fallopian tubal involvement (30.4%), cervical stromal invasion (8.7%), peritoneal dissemination (30.4%), lymph node metastasis (32.6%), and positive peritoneal cytology (41.3%). During the follow-up period, 10 patients (21.7%) had recurrence and 9 patients (19.6%) died. Kaplan-Meier estimates for PFS and OS of all the patients are presented in Supplementary Fig. 2 . The 5-year PFS of all patients was 80.3% (95% confidence interval [CI]=67.9%-92.6%) and the 5-year OS of all patients was 85.7% (95% CI=75.1%-96.4%). On the immunohistochemical evaluation of MMR protein status, 33 patients (71.7%) were classified as MMR intact, while 13 patients (28.3%) showed MMR deficiency. Of these, loss of MLH1 and PMS2, MSH2 and MSH6, and MSH6-only loss was observed in 7 (15.2%), 3 (6.5%), and 3 (6.5%) patients, respectively (Fig. 1) . No tumors were classified as PMS2-only loss. All tumors showed the same MMR protein expression status between endometrial and ovarian tumors.
Prognostic factors for PFS and OS
The univariate analysis of clinicopathological factors and survival outcomes are shown in Table 2 . Patients with cervical stromal invasion had significantly lower PFS and OS than patients without cervical stromal invasion (p<0.01 and p=0.03, respectively). Patients with lymph node metastases had significantly lower PFS than patients without lymph node metastases (p=0.04, respectively). Depth of myometrial invasion and lymphovascular space invasion (LVSI) by endometrial lesion were not significantly associated with OS, but patients with myometrial invasion of ≥1/2 and LVSI tended to have worse PFS. MMR protein status was not significantly associated with survival according to the univariate analysis. Multivariate analysis including depth of myometrial invasion, LVSI of endometrial lesion, Prognostic factors of SEO-EC patients Although previous studies consistently reported that true primary site of SEO-EC cannot to be strictly determined by clinicopathological and/or genetic features [10] [11] [12] , just for reference, results of survival analyses based on the same FIGO stage were provided in a Supplementary Tables 2 and 3. These survival analyses are based on hypothesis that all the SEO-EC cases were all endometrial primary (FIGO stage III or IV) or all ovarian primary (FIGO stage II or III).
Favorable prognosis group among SEO-EC patients
The SEO-EC patients with confined lesions could be considered to achieve complete resection of the tumor by surgery alone; therefore, these patients might not require adjuvant chemotherapy. Considering the results of multivariate analysis described above, we analyzed the prognosis of the patients who had lesions confined to only the uterine body and adnexa (ovary and fallopian tube); the prognosis of these patients is shown in Tables significant differences in the clinicopathological features between the 2 groups. Two patients had recurrence in the group that received adjuvant therapy, while no recurrences were observed in the group that was not administered adjuvant therapy.
DISCUSSION
This study elucidated baseline recurrent risk and prognostic factors of SEO-EC, which have been reported to be biologically clonal lesions. In addition, we identified patients who obtained a benefit from adjuvant therapy. We found that cervical stromal invasion was an independent factor for an unfavorable prognosis and described the clinicopathological features of SEO-EC patients that showed favorable prognosis despite not receiving adjuvant therapy. Furthermore, we clarified the frequency of MMR protein deficiencies in SEO-EC and showed that MMR protein status was the same in both endometrial and ovarian tumors. Recent studies revealed the clonal relationships between endometrial and ovarian tumors in SEO-EC, and all of these results consistently indicated that most SEO-ECs were clonal and metastatic disease [10] [11] [12] . However, gynecologists occasionally encounter SEO-EC patients that that show a more favorable prognosis than endometrial or ovarian cancers that were diagnosed as locally advanced or metastatic disease. Therefore, this finding raised the clinical question of whether all SEO-ECs should be treated as metastatic disease with a high-risk of recurrence. Although determining if SEO-EC was a uterine or ovarian primary tumor has not been revealed by NGS analysis, we considered that the clinical course and behavior of SEO-EC was quite different from metastatic disease, especially lymphovascular metastasis of endometrial and ovarian cancer.
Univariate and multivariate analyses revealed that cervical stromal invasion had a significant effect on PFS and OS. Notably, lymph node metastasis and peritoneal dissemination did not have a significant impact on survival. If SEO-EC is of endometrial origin, SEO-EC is classified as FIGO stage III endometrial cancer. However, cervical stromal invasion, which is a factor of FIGO stage II, was a significant prognostic factor, while peritoneal dissemination, which is a factor of FIGO stage IV, was not prognostic in the present study. Conversely, if SEO-EC is of ovarian origin, SEO-EC with cervical stromal invasion is classified as FIGO stage II ovarian cancer. However, lymph node metastasis and peritoneal dissemination, which are factors of FIGO stage III, were not significant prognostic factors in this study. According to our knowledge, there have been no previous reports on prognostic factors in SEO-EC patients, including cases that were previously excluded by the classical clinicopathological criteria. Although a limited power to detect differences due to the small sample size should be considered, our results indicate that the prognostic factors of SEO-EC may differ from the established prognostic factors of endometrial and ovarian cancer. More large-scale cohort studies should be performed to validate our findings for identifying SEO-EC patients with a high-risk of recurrence.
Prognosis of SEO-EC patients with lesions confined to only the uterine body and adnexa were analyzed to explore the baseline recurrence risk of these patients. SEO-EC patients with confined lesions could be considered for complete tumor resection by surgery alone; therefore, these patients might not require adjuvant chemotherapy. Considering the significant impact of cervical stromal invasion for a poor prognosis, we assessed patients who had lesions confined to only the uterine body and adnexa. Although there were only 10 patients who did not receive adjuvant therapy, no recurrence was observed in this cohort. [15] [16] [17] [18] . However, adjuvant therapy may result in unnecessary treatment for SEO-EC patients whose disease is localized to the uterine body and adnexa. This hypothesis has been supported by some previous studies. Before the NGS-era, some SEO-EC patients were clinically diagnosed as dual primary cancer but showed comparable prognosis to stage I endometrial cancer and stage I ovarian cancer [8, 13] . . These results implied technical issues in the quality control and assessment by IHC analysis of MMR proteins. Furthermore, the inclusion criteria of the present study were different from those of previous studies, which included only the clinicopathologically diagnosed synchronous primary endometrial and ovarian cancers using the Scully criteria [9] . The differences in inclusion criteria might also explain the discordant results between our study and previous studies.
Previous studies reported that MMR protein expression status was significantly associated with low histological grade, disease stage, and LVSI in endometrioid-type endometrial cancer [19, 28] and that MMR deficiency might be correlated to an optimal prognosis [29, 30] . However, MMR protein status was not significantly associated with the prognosis of SEO-EC patients in this study. Although the reason for these discordant results remains unclear, this is the first report on the prognostic value of MMR deficiency in SEO-EC patients.
The present study has several limitations. First, we did not examine the clonal relationship between endometrial and ovarian tumors using NGS technology. We assumed that all 46 SEO-EC patients had metastatic disease based on consistent research results from different institutions [10] [11] [12] ; therefore, a very small number of true dual primary SEO-ECs might be included in this study. However, considering that the fact of approximately 95% of SEO-EC patients that were clinically diagnosed as dual primary had metastatic disease, we can expect that few true dual primary SEO-ECs were included and should not affect the main results of this study. Second, the number of the included patients in this study was small due to the rarity of SEO-EC. More large-scale cohort studies should be performed in the future to validate the findings of our study. Nevertheless, the fact that cervical stromal invasion was a significant factor for a poor prognosis in SEO-EC patients was not consistent with conventional FIGO staging for both endometrial and ovarian cancer. Despite the small number of cases, we could point out the possibility that SEO-EC had different prognostic factors from both endometrial and ovarian cancer.
In conclusion, SEO-EC patients with tumors localized to the uterine body and adnexa showed a very low risk for recurrence. Therefore, adjuvant therapy for these patients might not provide a therapeutic benefit. Cervical stromal invasion was a significant factor for a poor prognosis, while MMR protein status was not associated with prognosis for SEO-EC. Recently, most SEO-ECs have been regarded as clonal and metastatic disease by NGS technology; however, prognostic factors of SEO-EC may be different from metastatic endometrial cancer and ovarian cancer. Further large-scale cohort studies are necessary to validate the findings of the present study for identifying SEO-EC patients who may actually obtain benefit with adjuvant therapy.
